High resolutions images can be reconstructed from several blurred, noisy and down sampled low resolution images using a computational process know as super resolution reconstruction. The ideal algorithm should be fast, and should add sharpness and details, both at edges and in regions without adding artifacts. In this paper we propose a super resolution reconstruction technique for linearly degraded images. In our proposed technique the algorithm is divided into three parts an image registration, Lifting wavelet based fusion and an image restoration. Although classical wavelet transform is effective in representing image features, it still encounters problems especially in implementation, e.g. floating-point operation and decomposition speed, which may nicely be solved by lifting scheme. Lifting scheme has such intriguing properties as convenient construction, simple structure, integer-to-integer transform, low computational complexity as well as flexible adaptivity. In this paper three low resolution images are considered which may sub pixels shifted, rotated, blurred or noisy. The images are registered using affine transformation model. A Lifting wavelet based fusion is performed and the noise is removed using soft thresholding. Our proposed technique reduces blocking artifacts and also smoothens the edges and it is also able to restore high frequency details in an image. Our technique is efficient and computationally fast having clear perspective of real time implementation.
INTRODUCTION
The low resolution representation resulting from the lower spatial sampling frequency produces distortion in the image due the to loss of high frequency components. This causes loss of important information such as edges and textures. Also a degradation occurs due to the sensor point spread function (PSF), and optical blurring due to camera motion or out-offocus. Thus an image captured with a low resolution camera suffers from aliasing, blurring and presence of noise. Superresolution (SR) refers to the process of producing a high spatial resolution image from several low resolution images, thereby increasing the maximum spatial frequency and removing the degradations that arise during the image capturing process using a low resolution camera. In effect, the super-resolution process extrapolates the high frequency components and minimizes aliasing and blurring.
One way to increase the sampling rate is to reduce the pixel size, thereby increasing the pixel density. But an in crease in pixel density causes shot noise and hence the distortion. Also the cost of sensor increases with the increase in pixel density. Hence the sensor modification is not always a practical solution for increasing the resolution. Thus we resort to image processing techniques to enhance the resolution. The advantage here is that there is no additional hardware cost involved and also it offers flexibility such as region of interest super-resolution.
The organization of the paper is as follows: Section-2 discusses about the existing super resolution methods, in section-3 we provide a brief outline of the super resolution problem statement, in section-4 we introduce image decomposition approach via lifting wavelets, Section-5 provides the steps involved in the super resolution reconstruction, section-6 provides the computer simulation results, finally in section-7 consists of conclusion.
A BRIEF OVERVIEW OF EXISTING SUPER RSOLUTION TECHNIQUES
The methods developed so far can be divided into three different categories: (1) frequency domain reconstruction (2) Iterative (3) Bayesian Method. Frequency domain reconstruction method was first proposed by Tsai and Huang [2] . In this method, the data is first transformed to the frequency domain where it is then combined. This data is then transformed back into the spatial domain where the new image will have a higher resolution than the original frames. A high resolution image can also be reconstructed using a POCS algorithm, where the estimated reconstruction is successively obtained on different convex sets. The POCS method was originally developed by Tekalp, Ozkan, and Sezan [3] . The method proposed by Michal Irani and Schmuel Peleg [4] falls into the class of iterative algorithms. The main feature of the Irani and Peleg method is that it iteratively uses the current best guess for the SR image to create LR images and then compare the simulated LR images to the original LR images. These difference images (found by subtracting real LR -simulated LR) are then used to improve the initial guess by" back projecting" each value in the difference image onto the SR image. The Bayesian method was developed by Cheeseman [9] images. The name comes from Bayes theory, this method relies largely on the statistical knowledge that pixel to pixel differences are very small, and can be modeled with a probability distribution function. The Bayesian method seeks to find the solution possessing the maximum probability (i.e. the most likely surface given the observed values and the observation conditions).
PROBLEM FORMULATIONS
Super resolution reconstruction is proved to be useful in many practical cases such as remote sensing, in case of remote sensing a large amount of remote sensing images of the earth with multiplatform, multi-sensor, multi-phase, multi-spectral can be obtained. In these data, there are considerable image data of the same area. But limited by the manufacturing process of the imagery equipment, these images are the under sampled of the same scene. The problem is formally described as,
Where f -is the unknown high resolution g i -is the I th low resolution image D i -is the down Sampling operator W i -represents wrapping, B i -represents Blur and n i -represents the noise. I =1…h
The super Resolution observation model is show in Fig. 1 , a real world scene is seen to be wrapped at the camera lens due to the relative motion between the scene and the camera. The images are often degraded by both optical and motion blur. They are discretized or down sampled resulting in a aliased, blurred and noisy low resolution image. The objective is to obtain a high resolution image from a set of low resolution images. 
Classical Wavelet Transform
A main goal of wavelet research is to create a set of expansion functions and transforms that give informative, efficient, and useful description of a function or signal. In applications working on discrete signals, one never has to directly deal with expansion functions. Discrete wavelet transform (DWT) is obtained simply by passing a discrete signal through a filter bank. Wavelet theory can be understood and developed only by using such digital filters. This is the meeting point between wavelets and sub band coding and the origin of two different nomenclatures for the same concepts. In fact, wavelet transform and sub band coding are so closely connected that both terms are often used interchangeably. Filter banks are structures that allow a signal to be decomposed into sub signals through digital filters, typically at a lower sampling rate. Figure. 2 shows a twoband filter bank.
Fig 2: One level 2 band perfect Reconstructions
It is formed by the analysis filters (H i (z), I = 0, 1) and the synthesis filters (G i (z), for I = 0, 1). Filters H 0 (z) and G 0 (z) are low-pass filters. In an M-band filter bank, H i (z) and G i (z) for 0 < I < (M−1) are band-pass filters, and H M−1 (z) and G M−1 (z) are high-pass filters. For a two-band filter bank, M = 2 and H 1 (z) and G 1 (z) are high-pass filters. If the input signal can be recovered without errors from the sub signals, the filter bank is said to be a perfect reconstruction (PR) or a reversible filter bank. To enable PR, the analysis and synthesis filters have to satisfy a set of bilinear constraints.
Every finite impulse response (FIR) filter bank with an additional linear constraint on the low-pass filter is associated with a wavelet basis. The low-pass synthesis filter G 0 (z) is associated with the scaling function, and the remaining bandpass synthesis filters (G 1 (z) in the 2-band case) are each associated with the wavelet functions. Analysis low-pass filter H 0 (z) is associated with the so called dual scaling function and analysis band-pass filters with the dual wavelet functions.
The notion of channel refers to each of the filter bank branches. A channel is the branch of the 1-D scaling coefficients (or approximation signal) and also each branch of the wavelet coefficients (or detail signals). The concept of band involves the concept of frequency representation, but it is commonly used in image processing to refer to each set of samples which are the output of the same 2-D filter. In 1-D linear processing both concepts are interchangeable.
Lifting Scheme
The discrete wavelet transform applies several filters separately to the same signal. In contrast to that, for the lifting scheme the signal is divided like a zipper. Then a series of prediction-update operations across the divided signals is applied. It starts with a set of well known filters, thereafter lifting steps are used in an attempt to improve (lift) the properties of corresponding wavelet decomposition. A number of such lifting steps can be used in order to obtain desired properties of a wavelet transform. The basic lifting scheme for DWT consists of three steps: Split, Predict and Update. The lifting analysis stage is as shown in Figure 3 .
Fig 3: Lifting Scheme

A. Split
The signal s is split into even and odd sub arrays s 0 and s 1 
B. Predict
The filtered even array is used to predict the odd array. Then the odd array is redefined as the difference between the existing array and the predicted one. This gives detail coefficients w1.
C. Update
To eliminate aliasing, which appears while down sampling the original signal and to obtain the low-frequency component of the signal, the even array is updated using the filtered new odd array to get coarser coefficients 0 0 1
SUPER RESOLUTION RECONSTRUCTION USING WAVELET LIFTING BASED FUSION
In this paper we propose a technique to yield a super resolved image from three low resolution input images; our algorithm is divided into three stages: registration, lifting wavelet based fusion and restoration. Image registration is extremely essential for successful super resolution reconstruction. Our registration technique is based on affine transformation. An affine transformation is an important class of linear 2-D geometric transformations which maps variables (e.g. pixel intensity values located at position (x 1 , y 1 ) in an input image) into new variables (e.g. ( x 2 , y 2 ) in an output image) by applying a linear combination of translation, rotation, scaling and/or shearing operations. The aligned images are then fused using Lifting wavelet transform.
Algorithm for Super Resolution Reconstruction using lifting scheme
Step 1: Three input color images are considered which may be sub pixel shifted, blurred or noisy.
Step2: The input images are registered using affine transformation.
Step 3: The registered low resolution images are decomposed into approximation and detail coefficients using Lifting wavelet transform.
Step 4: The decomposed images are fused using the fusion rule i.e. Maximum Frequency Fusion: -fusions by averaging for each band of decomposition and for each channel the wavelets coefficients of the three images are averaged‖. That is approximate and detail coefficients re fused separately.
Step 5: The inverse Lifting is applied to obtain the fused image.
Step 6: The fused image is then denoised using soft thresholding, and blurring is removed by applying deblurring Wiener deconvolution filter.
Step 7: Finally super resolution image is obtained by Bicubic interpolation.
Steps Involved in Fusion of Images in Wavelet Domain
As shown in Fig. 4 , the approach to image fusion in Lifting Wavelet Transform domain is as follows. By applying the Lifting Wavelet Transform on a 2-D signal such as an image, we have reached to four outputs, i.e., Approximation(LL), Horizontal Details(LH), Vertical Details(HL) and Diagonal details(HH) of the original image. The wavelet transform can be performed for multiple levels. The next level of decomposition is performed using only the LL image. The result is four subimages, each of size equal to half the LL image size. This process could be continuing to reach the required level. In order to obtain the fused image inverse wavelet transform is performed. 
SIMULATION RESULTS
In computer simulations, a (256x 256) image is considered to be the original high resolution image , from which three noisy, blurred, mis-registered LR images are created. We have tested 
CONCLUSION
Super resolution techniques have proved to be useful in many different applications in terms of quality and computational complexity. Most of the existing super resolution methods attempt to increase the resolving power by means of bilinear interpolation, which only adds pixels but does not improve the resolving power. But in our proposed method we are reconstructing an unknown image from multiple low resolution images as well as improving the resolving power with techniques such as Lifting wavelet based fusion and soft thresholding. The efficiency of the proposed technique is evidenced by the presented simulation results. The suggested method avoids a large number of iterations operations to obtain the HR image. Simulations demonstrate the superior performance of the LWT in PNSR and visual quality.
